In spite of the strong prognostic value of all traditional cardiovascular risk factors, still striking differences exist in the prevalence of clinical events between patients at apparently similar risk. One of the main reasons is different genetic background. One of recently discussed candidate genes for cardiovascular disease is the gene for the protein Connexin 37 (Cx37). This protein is a part of gap junctions responsible for communications between cells including cells in the vessel wall. Studies focused on the association between Cx37 gene polymorphism (1019C > T; Pro319Ser
Atherosclerosis and its main consequence -ischemic heart disease -is the leading cause of mortality in European countries [1] . The high incidence and prevalence of cardiovascular disease is associated with several main risk factors like age, male sex, genetic factors, smoking, dyslipidemia, hypertension and diabetes mellitus.
Assessment of cardiovascular risk in particular person is obtainable from the medical history, basic physical examination, and widely available blood tests. However, in spite of the strong prognostic value of all these factors, still striking differences exist in the prevalence of clinical events between patients at apparently similar risk. One of the main reasons is different genetic background of particular persons at risk or patients with cardiovascular disease. Because atherosclerosis is a complex disease caused by the interplay between many genetic and environmental factors, identification of single genetic trait is not possible and the research is focused on many candidate genes.
Advances in molecular approach focused on genetic markers of cardiovascular disease allow better understanding of differences between individuals and could potentially offer more effective detection of individuals at risk and more effective therapeutic strategies to prevent life threatening clinical events. In addition, it could reveal mechanisms responsible for development of atherosclerosis and its clinical consequences. Many new candidate genes have been identified using geno-me wide association studies and single nucleotide polymorphism studies [2] [3] [4] .
Two extreme models of common disease development are suggested. Both apply for cardiovascular disease as well. One model is based on a large number of alleles, having minor effects, composing different genes interacting with each other and with the environment to cause cardiovascular disease (polygenic model). The second model is based on rather rare alleles, with major effect, composing a large number of genes which cause cardiovascular disease (monogenic model). In the case of atherosclerosis, it has been known, that this complex model involves a combination of both possibilities [5] .
Because of the high number of candidate genes and putative high-risk gene polymorphisms, the identification of genetic variants that play a role in pathogenesis of CAD is difficult. One possibility for candidate gene identification is to determine their disadvantageous variations/polymorphisms. The effect of these variants is being assessed worldwide in on-going studies with different designs.
Many epidemiological studies have already been published. On one hand, these studies have proved the strong genetic determination of coronary events and their complications. On the other hand, results of these studies did not find unequivocal results.
There are several reasons for these discrepancies. One of the most important one is the fact that many genetic studies have had insufficient numbers of patients and controls -averaging between 100-300 individuals; the power of such a study is, therefore, low and the risk of false positive or false negative results is high. Another reason for these discrepancies is not sufficient clinical information about persons/patients under study including risk profile of given populations and factors that could modify effect of given gene variant -geneenvironment interaction [6, 7] .
One of recently discussed candidate genes for atherosclerosis and cardiovascular disease is the gene for the protein Connexin 37 (Cx37). This protein is a part of gap junctions responsible for communications between cells including cells in the vessel wall.
The possible role of gap junctions in atherosclerotic process is recently discussed [8, 9] .
One of the key roles could be played by the altered communication between endothelial cells, vessel smooth muscle cells and macrophages. The protein Cx37 has been proposed to be one of the main participants in these inter cell communications. This protein is a member of Connexin protein family forming gap-junctions channels and hemichannels affecting distinctively permeability for various signaling molecules [10, 11] .
The polymorphism (serin or proline at position 39) of this protein was evaluated as a possible risk factor for atherosclerosis and cardiovascular disease. Therefore, the Ć 37 gene polymorphism (1019C > T; Pro319Ser) has attracted attention as a possible prognostic marker for atherosclerosis and cardiovascular events.
However, studies focused on association between this polymorphism and atherosclerosis/cardiovascular disease serve as a good example of inconsistent results found in most of studies focused on gene-disease associations.
In experimental settings TT genotype of the gene for Cx37 was indicated as proatherogenic, because it was associated with increased adhesion of macrophages to the vessel wall [12] . Nevertheless, controversial data were obtained from human studies. Even in the similar ethnic groups, different Cx37 genotypes were associated with cardiovascular disease. In Taiwan population CC genotype was associated with coronary artery disease [13] , in contrast, in Japanese population TT genotype was associated with coronary artery disease [14] . In Caucasian population from Switzerland, CC genotype was associated with myocardial infarction [15] , in contrast, in population from Sicily the TT genotype was suggested as a risk factor [16] . Furthermore, no association was found between Cx37 genotype and coronary artery disease in Ireland [17] . Just recently, study from Taiwan found T allele of Cx37 gene polymorphism to be associated with subclinical atherosclerosis (expressed as carotid intima-media thickening measured by ultrasound) and subsequent ischemic stroke [18] .
In our population based study with almost two thousand participants, we did not find an association between Cx37 (and other gene) polymorphism(s) and coronary events [19] .
All these discrepancies could be caused by different patient and control populations with different background of the main cardiovascular risk factors. In addition, the weakness of studying the association between genes and clinical events could be in already present subclinical disease in control population.
Therefore, from this point of view more reliable approach could be achieved via detection of subclinical atherosclerosis. However, even in this field of research no consistent findings are available. Using ultrasound measurements of carotid plaques in hypertensive men from Sweden, an association of TT alleles of Cx37 gene polymorphism with subclinical atherosclerosis was described already in 1999 [20] . In contrast, no association between Cx37 gene polymorphism and subclinical atherosclerosis expressed as carotid intima-media thickness and flow-mediated dilatation of brachial arteries was found in a recent large and population based study from Finland [21] .
The complexity of the association between particular gene and (sub)clinical atherosclerosis could be explained by the role of particular gene as a modifier of the disease process, even when not being in direct causal relationship to it. From this point of view, interesting association was found in another study from Finland which found the Cx37 gene polymorphism to be modifier of the effect of smoking and homocyst(e)in on endothelial dysfunction [22] .
In our recent studies we evaluated the association between Cx37 gene polymorphism and preclinical atherosclerosis expressed as ankle brachial blood pressure index (ABI) or intima media thickness of carotid arteries measured by ultrasound.
The study with ABI and the Cx37 gene was performed in women with type 1 (n = 178) and 2 (n = 111) diabetes, and in women from general population (n = = 862) [23] . Observed frequencies of carriers of TT/ CT/CC Cx37 genotypes were similar to the frequencies published previously in other Caucasian populations [20, 22] and did not significantly differ between groups under study.
As shown in Table 1 , in women with type 1 diabetes, ABI significantly decreased from TT to CC carriers. A similar trend was seen in women with type 2 diabetes (p = 0.050) and in women with waist circumference above 75 th percentile (94 cm; n = 208) of the general population (p = 0.049). Based on these results, the Cx37 gene polymorphism was associated with subclinical atherosclerosis in women with type 1 and 2 diabetes and in women with advanced central obesity. The presence of C allele indicated increased risk.
The possibility of modifying effect of impaired glucose metabolism was confirmed in another population study focused on intima-media thickness of common carotids arteries measured by ultrasound (unpublished data -accepted for publication to International Angiology in 2010).
A 5 % population sample of urban women aged 45-54 years (n = 892) and a 1 % representative sample of rural women aged 33-72 years (n = 160) were examined. These women were examined using an identical protocol and genotyped for Cx37 gene polymorphism. The association between the Cx37 gene polymorphism and intima-media thickness in common carotid arteries measured by ultrasound was studied. [23] The threshold for fasting glycaemia was defined as 75.
percentile of values obtained in urban middle aged women (5.5 mmol/l).
In both groups of women with fasting glycaemia higher than 5.5 mmol/l, we observed a significant increase in carotid intima-media thickness from the TT to CC genotypes, while no such trend was found in those with fasting glycaemia less than 5.5 mmol/l. Again, in those women with fasting glycaemia higher than 5.5 mmol/l, T allele seemed to be protective against subclinical atherosclerosis in common carotid arteries. Therefore, the Cx37 gene polymorphism may exert completely different effects in the artery wall, depending on glycaemia. These differences were detected in both groups of urban and rural women and also when both groups were merged. These results were not altered when age, urban/rural origin and when traditional risk factors were included into the analysis. No such association was found in men from the same population (data not published).
This relation of gene effect to the particular risk factor could explain different results obtained in populations at different cardiovascular risk. The limitation of all these studies was their cross-sectional design, not allowing us to detect reliably cause-and-effect relationships and low number of participants in selected subgroups under study (smokers, higher fasting glycaemia). On the other hand, possible role of glycaemia in gene expression was already confirmed in the literature [24] .
In our already mentioned population based study focused on patients with acute coronary syndromes [19] in subsequent subanalysis we observed trend suggesting possible association between Cx37 gene polymorphism and acute coronary events in nonsmoking women (Table 2 ). However, because of rather low number of participants in subgroups under study these data need to be confirmed in studies with higher number of participants.
In all studies the Cx37 gene data were obtained by the same methodology. DNA was isolated from frozen EDTA blood [25] . To genotype the 1019C > T (Pro319 > Ser) variant within Cx37 gene, oppositely-oriented oligonucleotides 5' CTGGACCCACCCCCTCAGAA-TGGCCAAAGA and 5' AGGAAGCCGTAGTGCCT-GGTGG and restriction enzyme AasI («Fermentas, Lithuania») were used to distinguish the T (fragments of 240 and 35 bp) and C (275 bp) alleles. A set of 24 samples was analysed three times within 3 weeks with 100 % conformity.
Conclusion. Using genetic markers in cardiovascular research is producing new insights concerning the etiology of cardiovascular disease. Recent genomewide association studies demonstrate clear associations between single nucleotide polymorphisms and important cardiovascular phenotypes. However, risk alleles for the single nucleotide polymorphisms in question do not explain a sufficient portion of individual risk to be useful for screening purposes [26] .
Genome-wide association studies, and to certain extent also single gene polymorphism studies could be valuable tool to detect processes and gene-environment interactions. The Cx37 gene polymorphism could be, therefore, one of genetic markers fulfilling criteria for gene-environment interaction including gender oriented approach. Studying this gene including its expression and phenotype could be rewarding in evaluating the biology of the vessel wall and atherosclerosis.
Our data indicated Cx37 gene polymorphism could have gender-and smoking-dependent effects on acute 
